Objective: To describe human capacity and staff movement in national health research institutions in 42 sub-Saharan African countries. Design: A structured questionnaire was used to solicit information on governance and stewardship from health research institutions. Setting: Eight hundred and forty-seven health research institutions in 42 sub-Saharan African countries. Participants: Key informants from 847 health research institutions. Main outcome measures: The availability, mix and quality of human resources in health research institutions. Results: On average, there were 122 females employed per respondent health research institution, compared with 159 males. For researchers, the equivalent figures were nine females to 17 males. The average annual gross salary of researchers varied between US$ 12,260 for staff with 5-10 years of experience and US$ 14,772 for the institution head. Of those researchers who had joined the institution in the previous 12 months, 55% were employed on a full-time basis. Of the researchers who left the institutions in the same period, 71% had a full-time contract. Among all those who left, those who left to a non-research sector and to another country accounted for two-thirds. Conclusions: The study revealed significant gaps in the area of human capacity development for research in Africa. The results showed a serious shortage of qualified staff engaged in health research, with a dearth of staff that held at least a master's degree or doctoral degree. Major efforts will be required to strengthen human resource capacity, including addressing the lack of motivation or time for research on the part of existing capable staff.
Introduction
Sub-Saharan Africa has a high burden of disease, estimated to be five times higher than that of established market economies. 1 Also well known and documented is the fact that health systems in African countries are weak and increasingly unable to sustain their response to this enormous disease burden. 2 Factors that have contributed to weakening the health system include but are not limited to the following: weak institutional and human resource capacities, the 'brain-drain' phenomenon, lack of incentives, inefficient use of potential national expertise and inadequate research capacity. 3 The failure adequately to address pertinent health challenges for which cost-effective solutions are available has been attributed in part to the under-investment in research capacity and development in sub-Saharan Africa. Research capacity comprises the institutional and regulatory frameworks, infrastructure, investment and sufficiently skilled people to conduct and publish research findings. 4 Equally important is the ability to translate research into action through sharing results with national and subnational stakeholders. Most African countries have been categorised as 'lagging behind' in research, and these inequalities in health research have been said to contribute to inequalities in health. 5 There is a growing demand from national and international development partners that efforts and research priorities be made according to importance of health issues, and in the case of sub-Saharan Africa, the emphasis has shifted to health systems research, human capacity development and research capacity strengthening.
Scientific publications play a key role in providing a linkage between knowledge production and use. According to scientific publication activity worldwide, most countries in Africa have continued to have low levels of publication over the past decade, despite increased levels of scientific research. 6 A World Health Organization (WHO) report 7 shows that, of all scientific publications addressing health topics from different regions of the world, only 1% were from Africa. In an analysis of all scientific research in Africa published in journals indexed by PubMed Õ between 1996 and 2005, 6 it was found that 60% of all publications from the African continent were from Egypt, Nigeria and South Africa. An increasing trend in the number of publications from Nigeria and South Africa was noted, along with reductions in numbers from the Gambia and Zimbabwe. Africa's low contribution to global scientific research publication may be attributed to low research and development expenditure, poor research methods owing to lack of skills and problems of research presentation such as writing style and language competency.
According to Bates et al., 8 the process required for building capacity in health research would be to define the institutional systems needed to support research, enumerate existing and missing resources and improve research support by addressing the identified gaps. This report presents a synthesis and profile of human capacity and staff movement in national health research institutions in 42 sub-Saharan African countries. The purpose of the surveys was to provide estimates for benchmarks of national health research systems as a means to describe, monitor and analyse national health research activities and improve national research capacities, as well as to share experiences across low-and middle-income countries.
Methods
The methods followed to assess national health information systems are described elsewhere 9 but are described briefly here.
The main criterion for considering an institution as a 'health research institution' was that it should be engaged in the conception or creation of new knowledge, products, processes, methods and systems related to any aspect of health, such as factors affecting health and ways of promoting and improving it. Institutions could be departments of medical schools, universities, teaching or non-teaching hospitals, independent research institutions, governmental agencies, pharmaceutical and other for-profit and not-forprofit businesses, charities and non-governmental organisations.
The survey used Tool 6 from the Health Research System Analysis (HRSA) Initiative: Methods for Collecting Benchmarks and Systems Analysis Toolkit. 10 Within the institutional survey, seven questionnaires (representing separate modules) were completed by the respondent institutions. This report draws on data from two of those questionnaires:
. Module 1000 -Identification, introduction and background information . Module 5000 -Human resource for research These questionnaires are designed to focus on issues pertaining to the human resources available for research at the institutional level.
For response to questions where institutions were asked to rank items in the questionnaire, we used weighting schemes to arrive at composite ranks. For example, where the response required ranking an item on a 1-5 scale, a weight of five was given to the first rank, four to the second rank and so on, with the fifth rank getting the least weight of one. The average of these was used to derive a composite rank of items.
We used IBM Õ SPSS Õ Statistics Version 19 statistical software to analyse the data.
Results
The institution survey dataset included responses from up to 847 institutions in 42 countries in the WHO African Region (all except Algeria, Angola, Sierra Leone and South Africa). Half of the respondent institutions were aged under 30 years; 70.3% belonged to the public sector; 12.5% were independent research institutions and 64.3% functioned at the national level (Table 1) .
A comparison of men and women involved in all research and in health research revealed that on average there were 122 women employed per respondent institution, compared with 159 men. For researchers, the equivalent figures were nine women per institution to 17 men ( Table 2) .
Analysis of human capacity in research institutions looked at researchers and technical staff in the countries surveyed. The two categories of staff have been defined as 'professional'. Researchers accounted for about one-third of all staff of institutions, with a mean of 34 researchers per respondent institution. Overall, among all the institution surveyed, the number of national researchers averaged 17 per respondent institution more than non-national researchers (6 per institution). The average annual gross salary of researchers varied between US$ 12,260 for staff with 5-10 years of experience and US$ 14,772 for the head of the institution (Table 3) .
Information pertaining to research capacity in terms of the qualifications of health researchers was On average, there were 4.6 research doctorate degree holders per respondent institution, accounting for 23% of all health researchers. With regard to staff reported to be involved in health research who hold a master's degree, the average per institution was 5.1, although they accounted for about one-third of all health researchers (Table 4) . Of those researchers who had joined the institutions in the 12 months prior to the survey, 55% were employed on a full-time basis. Likewise, of the researchers who had left the institutions in the same period, 71% had a full-time contract. Among all those who had left, those who left to a non-research sector and to another country accounted for twothirds (Table 5) .
Respondent institutions answered the question of which top five competencies the institution looked for in the recruitment and selection of new research staff. The most considered factors were translating questions into research hypotheses/research methodology (28%), conducting stakeholder mapping and analysis (26%), developing/utilising appropriate qualitative or quantitative data collection and analysis approaches (25%), preparation of research proposals or scientific writing (22%) and managing health research projects (22%) (Figure 1 ). They were also asked which top five competencies needed to be strengthened in their institutions. Research methodology (cited by 13% of respondent institutions), computer skills (12%) and proposal and scientific writing (10.5%); data collection and analysis (9.8%) and submitting proposals for obtaining funds (9%) topped the priority list ( Figure 2 ).
Inquiries were made regarding the basis for the institution to promote researchers working on health topics. The most cited criteria for promotion were:
. Number of research proposals submitted . Number of research proposals approved . Scientific merit of research proposal . Relevance of research proposal to research priorities . Number of publications submitted . Number of articles published in peer-reviewed journals
To assess the level of output of institutions for graduates trained in research and therefore having the potential to do health research, respondents were asked to state for their institutions how many degrees were granted in the previous academic year at bachelor, master's and doctorate levels for nationals. The average number of bachelor degrees granted per respondent institution was 105 for men and 59 for women, and the average number of doctorate degrees was 2.5 for men and 1.5 for women ( Figure 3 ).
Discussion
The results show a serious shortage of qualified staff engaged in health research in these countries. Ideally, qualified health researchers would hold at least a master's degree, as undergraduate degrees alone do not normally equip staff sufficiently to conduct research. The survey shows that these percentages are low for master's degrees and much lower for doctoral degrees. In Africa, as elsewhere in the world, much of the research is conducted in academic settings. However, according to available published findings, most African countries with severe human resources for health shortages have only one to three health professional training institutions. 11 Even then, the number of health workers produced from these institutions each year and the quality of education they receive is mostly unknown. In one survey conducted by the Joint Learning Initiative, it was found that the capacity to produce health staff was limited in general, with some countries lacking either a medical school or nursing school. 2 This was especially so in countries with critically low numbers of human resources. It was encouraging to note that the majority of staff in health research institutions were full-time staff. However, some of these full-time staff were also reported to have left in the previous 12 months. Many institutions in sub-Saharan Africa find it hard to attract, recruit and retain qualified full-time staff, due in part to funding constraints. It is a vicious cycle, as without qualified staff these institutions find it difficult, if not impossible, to compete for international research grants, with most of these grants going to institutions in developed countries. These institutions then cannot generate significant levels of funding with which to attract or retain skilled staff, who may then go on to be employed in institutions in developed countries.
According to Tettey's 12 survey of five training institutions in five countries, academic staff are usually required to divide their time between teaching, research, research supervision and administration, with research getting less time. The same survey also revealed that most institutions were small and relied heavily on part-time staff. When only numbers of full-time staff were considered, over 80% of units delivering postgraduate public health education had 20 staff members or less, while over 60% had less than 10 staff members. 13 In such situations, it is not surprising that researchers tend to dedicate even less time to research, both in terms of participating and publishing. If science is to meet its goal of improving health and spurring development, all countries should be able to participate in research. 4 Another major finding is the serious sex imbalance, with women under-represented among health researchers. The level of imbalance between men and women among health researchers in both fulltime and part-time employment is expected due to the traditional male dominance in professional employment in Africa and elsewhere globally.
One survey 12 covering 13 countries with 72 institutions revealed that there were 854 staff members working in these institutions, 58% of whom were full-time staff, an average of 12 staff members per institution. In all institutions, there was a tendency for more male than female staff. The majority (66%) of staff were between 36 and 50 years while 15% were below 35 years and 19% were above 50 years. It would appear that strategies to increase human capacity for health research must make efforts to address this imbalance by bringing more women into health research work.
Training of health personnel to master's degree and doctoral levels usually includes significant amounts of research training and experience. However, the shortage of these cadres suggests that overall capacity to conduct quality research is quite limited in most countries. Only a small number of institutions reported having produced any master's or doctoral degree graduates. Without the requisite investment by governments and their partners to improve local production of staff at these levels, it would be difficult for these countries to have any significant numbers and to acquire the capacity that is needed to conduct meaningful research and development to address the problems faced by their countries.
There is a clear shortage of people trained at doctoral level engaged in any research. Those institutions that are older may have more doctorate level and medical and master's degree holders engaged in health research than other institutions, as they have had more time to develop their own graduate-level training programmes and reduce dependence on expatriate staff for health research.
Access to skill-development opportunities and career mobility are very important for health professionals. Institutions that are under-staffed have to weigh filling available posts against sending their staff for further training. African universities continue to contend with a shortage of academic staff and do not seem capable of mobilising the intellectual strength needed to drive capacity-building efforts. Our findings are similar to those of other surveys 13 that indicate a shortage of senior staff, which could be due to migration, illness or internal transfer to better-funded positions among others. The shortage of senior staff also signals the absence of sufficient numbers of mentors for upcoming academic professionals.
Our results also show that it was mostly full-time staff who were reported to have left their institutions in the previous 12 months. This is a pointer to the inadequate capacity of these institutions to motivate and retain tenured staff. This is probably because in President's Emergency Fund for AIDS Relief; the President's Malaria Initiative; the GAVI Alliance and other bilateral initiatives. These findings are in agreement with the literature review suggestions that young academics often find it more rewarding to work outside academic institutions. 11 Although in absolute terms the numbers of staff who left to go to outside countries may look small, it does add to the severe shortage of skilled staff given the numbers are small to begin with. Moreover, it takes much longer for these staff who left in the year to be replaced with similarly skilled or experienced personnel.
Training institutions seem to have difficulty recruiting and retaining staff. In addition to the difficulty in attracting sufficiently trained professionals with postgraduate qualifications, inadequate pay, poor working conditions and unattractive terms of service are some of the reasons for low staffing levels in these institutions. 12 While salaries are important, staff in academia would also appreciate getting other benefit packages in terms of good health coverage, car and housing loan schemes, support for children's education and a reasonable pension, but most of these benefits are limited or are not available in African training institution. 12 A survey of five African universities reported a small number of students opting to pursue graduate education, partly due to the lack of resources for maintaining significant research-based programmes, unattractiveness of academic jobs and unappealing salaries. Younger academics were found to be more likely to depart from academic settings, lured by the possibility of the potential for promotion elsewhere. For more senior staff approaching retirement, concerns about their inadequate retirement package prompt them to depart from academia to pursue external, betterpaying jobs. For example, at the University of Ghana, a 2006 survey revealed that 10 staff members at the rank of senior lecturer had resigned over the previous three years to take up positions with local and international organisations outside of academia. 12 Our analysis and report is one of the few studies that focuses on human capacity for health research and staff movements within African national health research systems. However, the study has some limitations. The datasets showed that many of the variables were returned as missing, suggesting to us that the data were not collected or were simply unavailable and that the data we have represent the best efforts of the in-country staff and their contacts or sources. The aim was to obtain a complete census of all health research institutions across the Region. However, as a complete census was not obtained, it is difficult to determine the representativeness of the results using statistical tools on the data gathered. The data described in this report are not representative, in a statistical sense, of what could be happening in some countries. The data only record research output and use at the institutions surveyed by this questionnaire.
Conclusions
The study reveals significant gaps in the areas of human capacity development for research in Africa. This reflects both the lack of capacity in the countries and the lack of motivation or time for research on the part of existing capable staff. African countries provide the clearest example of health systems under stress. Given the severe shortage of healthcare resources, concrete plans to strengthen health systems should focus on the following key areas: the potential for human resources development, capacity for health-related research and use of information for decision-making. Therefore, in Africa's human resource constrained settings, it is not surprising that research outputs continue to be low. Overall, there is insufficient research on human capacity, mentoring and development for research in Africa to provide information to policy-makers regarding countries facing the greatest challenges and to identify areas that are immediately in need of strengthening.
This report serves to fill part of the gap and to highlight some areas for future studies. Furthermore, as there is scant literature on human capacity and training for research, and on staff movement in African national health research systems, this is an area for future research. 
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